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Title of Invention: Multi-Axes Tool Compensation - 3D and 5-axis real-time interactive 

tool compensation inside the CNC machine tool controller. 
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STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
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REFERENCE TO A COMPUTER PROGRAM LISTING COMPACT DISK 
APPENDIX 

The Appendix contains two copies on compact disk of the entire Multi-Axes Tool 
Compensation computer program listing in standard ASCII character file format. Each 
compact disk contains the same single file entitled MTC.TXT. 

BACKGROUND OF THE INVENTION 

Multi-Axes Tool Compensation for 3D and 5-axis real-time interactive tool 
compensation relates to CNC machining techniques that are already in common practice 
for 2D tool compensation in CNC machining. 

The applicable US patent Classification Definition to my invention is found in 
category 700 DATA PROCESSING: GENERIC CONTROL SYSTEMS OR SPECIFIC 
APPLICATIONS for Sub Class 1 GENERIC CONTROL SYSTEM, APPARATUS OR 
PROCESS. 
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BRIEF SUMMARY OF THE INVENTION 

The object of Multi-Axes Tool Compensation is to provide CNC machinists using 
CNC controllers a convenient method for applying 3D and 5-axis tool compensation in 
real time directly within the CNC controller as they now enjoy when using the traditional 
2D tool comp standards G41 and G42. Before my invention CNC controllers have not 
been technically advanced enough to employ multi-axes tool compensation methods. 
Using the technology methods of my invention for multi-axes tool compensation, the 
machine operator now has a pre-defined method to assign 3D and 5-axis tool 
characteristics at the CNC controller. CNC programmers and machinists now have the 
tools to issue 3D and 5-axis tool comp commands, which have not been available in 
traditional CNC controllers. 



The CNC machine operator will no longer require the assistance of the CNC 
programmer to re-create a brand new CNC G code Program with new tool positions and 
definitions when a change is made. My invention allows the CNC machine operator to 
easily define the new tools using my complex 3D and 5-axis tool compensation 
algorithms built into the CNC Controller. These algorithms also provide for automatic 
tool gouge avoidance protection. 

DETAILED DESCRIPTION OF THE INVENTION 

001 Multi-Axes Tool Compensation at the CNC controller provides CNC 
machinists using CNC Controllers a convenient method for applying 3D and 5-axis tool 
compensation in real time as they enjoy now when using the traditional 2D tool comp 
standards G41 and G42. Up until now CNC controllers have not been technically 
advanced enough to employ multi-axes tool compensation methods. Using these defined 
methods of my invention for multi-axes tool compensation, the machine operator now 
has a pre-defined method to assign 3D and 5-axis tool characteristics at the CNC 
controller. CNC programmers now have the tools to issue 3D and 5-axis tool comp 
commands, which have not been available in traditional CNC controllers. The CNC 
machine operator does not require the assistance of the CNC programmer to re-create a 
brand new CNC G code Program with new tool information and definitions when a 
change is made. My invention allows the CNC machine operator to define the new tools 
using complex 3D and 5-axis tool compensation algorithms built into the CNC controller. 
These algorithms also provide for automatic tool gouge avoidance protection. 

002 Description of the Command Usage for Multi-axes Tool Compensation 

0021 The TOOLCOMP command enables 3D and 5-axis tool compensation and 
has eight possible parameters: OFF, LEFT, RIGHT, 3DCOMP, 3DADJUSTZ, 
3DOFFSET, 5 AXIS and LLIMIT45. These parameters are usually associated with G40, 
G41, G42, G130, G131, G132 and G135. The compensation value is taken from the tool 
parameter screen for that specific tool number. 



0022 All tool compensation is preprocessed when the file is loaded into memory. 
If a tool size is changed or the user edits the G code program to reflect a change in tool 
comp methods, then the program will automatically reprocess and redraw the G code 
program. If 3D or 5-axis tool comp is used, the CAD/CAM system will need to include 
the special codes on each G code line that will need to be compensated. The special 
codes represent a normalized 3D vector and the L code represents a conical angle 
measured from the XYZ point to the nearest obstacle from a flat 2D plane. If the user 
specifies an angle after LLIMIT, then the tool position may be completely omitted in 
order to automatically avoid gouging. This occurs if the included angle between the 
vector and the L code is less than the value specified after LLIMIT. The default of 
LLIMIT is 45 degrees. To turn gouge protection off, specify a zero value after LLIMIT 
0. Take caution if the tool size is increased at the control, which is larger than the 
original. An obstacle may exist beyond the diameter of the original tool size that may 
result in an unforeseen gouge. If the tool size is decreased from the original size, then 
there may be some extra stock left in tight corners since possible gouges were originally 
figured for a larger tool. 



EXAMPLES: 

TOOLCOMP OFF 
TOOLCOMP LEFT 
TOOLCOMP RIGHT 
TOOLCOMP 3DCOMP 
TOOLCOMP 3DADJUSTZ 
TOOLCOMP 3DOFFSET 

TOOLCOMP 5 AXIS 
TOOLCOMP LLIMIT45 



'Turns all compensation off. 

'Comps in 2D to the left. 

'Comps in 2D to the right. 

'3D comp based on vector and gouge parameter. 

'3D comp lifts Z axis only but keeps X,Y. 

'3D parallel offset only - based on vector and no 

'gouge parameter. 

'5 axis comp based on vector and gouge parameter. 
'Give angle which will specify a gouge to omit tool 
'position. 
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